A 70-year-old man on hemodialysis for end-stage kidney disease due to polycystic kidney disease presented with hip pain on extension and a high C-reactive protein level. Further examinations revealed an iliopsoas abscess and femoral head osteomyelitis caused by Enterococcus avium (E. avium) detected in blood and pus cultures. Complete resolution of the infection with ampicillin-resistant E. avium required six months of vancomycin therapy and two surgical drainage procedures. There have been no previous case reports in which both blood and abscess cultures confirmed E. avium infection. Careful attention should be paid to the detection of non-specific symptoms in patients on hemodialysis, with blood cultures being essential in such cases.
Introduction
Patients on hemodialysis have a higher risk of severe bacterial infections than patients without chronic kidney disease (1) . Infections are a leading cause of death in such cases, and since bacteremia with metastatic complications occurs relatively frequently among patients with end-stage kidney disease (ESKD), both early clinical recognition and appropriate management are required (2) . Enterococci are common Gram-positive pathogens populating the intestinal flora, although some species cause serious infections. Endocarditis, intra-abdominal infections and urinary tract infections are common clinical manifestations, whereas skin and bone infections are relatively rare (3) . Enterococcus avium (E. avium) is responsible for approximately 1% of infections in humans. Although a few case reports of E. avium infection exist (4, 5) , no previous cases of both blood and abscess cultures positive for E. avium have been reported. We herein describe a rare case of E. avium infection in which both blood and pus cultures were positive for E. avium. In this case, the iliopsoas abscess and osteomyelitis of the femoral head were caused by E. avium and treated with long-term intravenous antibiotics and surgical drainage.
Case Report
A 70-year-old man on maintenance hemodialysis for ESKD due to polycystic kidney disease (PKD) suddenly developed hip pain and hypotension. He had been on hemodialysis for 19 years. Due to his history of recurrent cystic hemorrhage, total nephrectomy with bilateral adrenalectomy had been performed, which subsequently necessitated corticosteroid replacement therapy.
One day at the maintenance hemodialysis clinic, the patient's systolic blood pressure decreased to 60 mmHg and did not improve with crystalloid fluid infusion during hemodialysis. Because he had a history of adrenal insufficiency, a Department of Nephrology, Showa General Hospital, Japan, Division of Nephrology and Endocrinology, The University of Tokyo Graduate School of Medicine, Japan, Department of Orthopedics, Showa General Hospital, Japan and Department of Infectious Diseases, Showa General Hospital, Japan physician at the hemodialysis unit infused 125 mg of methylprednisolone, and the patient was then transferred to our hospital by ambulance.
Upon arrival at our hospital, the patient's blood pressure had improved to 108/70 mmHg, his pulse was 81 beats per minute, his temperature was 36.9 , his respiratory rate was 24 breaths per minute and his oxygen saturation was 98% on room air. His height was 159 cm, and his dry weight was 55.6 kg (body mass index: 22.0 kg/m 2 ), with no recent episodes of malnutrition or weight changes. He had no history of diabetes mellitus, intravenous drug use, human immunodeficiency virus infection or other immunosuppressed conditions. On a physical examination, the patient was conscious and alert. He did not appear to be in poor physical health, although he had a cutaneous ulcer on the left lower leg, without any signs suggestive of infection, which had lasted for several months. In addition, pain was noted in the hip joint on extension, which had begun several weeks earlier. A laboratory analysis performed on admission revealed the following abnormalities (Table 1) : a low hemoglobin level (9.0 g/dL), hypoalbuminemia (3.4 g/dL) and high Creactive protein (CRP) level (7.4 mg/dL). However, there were no signs of disseminated intravascular coagulopathy. In addition, judging from the patient's laboratory data and relatively quick improvement in hypotension, a diagnosis of septic shock was unlikely, although inflammation was considered to have caused the hypotension during hemodialysis via impaired refilling of extracellular fluid from intracellular fluid.
On Day 2 after admission, the patient developed a fever. An infection was suspected based on the fever, joint pain and elevated CRP level. Blood was drawn for blood cultures, and treatment with 2 g of ceftriaxone once daily was initiated under suspicion that the target infection was either an abdominal infection, osteomyelitis or an unknown abscess. With respect to further examinations, contrastenhanced computed tomography (CT) performed on Day 3 revealed an abscess in the iliopsoas muscle ( Figure A) , and a blood culture showed E. avium, which was considered to be the causative pathogen of the abscess. A sensitivity analysis revealed resistance to ampicillin and sensitivity to vancomycin (Table 2) ; therefore, the antibiotic regimen was switched to vancomycin on Day 4. Vancomycin was subsequently infused in order to maintain a trough value of 15-20 μg/mL before hemodialysis. Most blood cultures (5/6) were positive for E. avium, and repeated positive blood cultures confirmed the presence of E. avium bacteremia. On Day 6, the culture of the cutaneous ulcer was found to be negative, which may have been due to the fact that the specimen had been collected after the administration of antibiotics.
In order to identify the type of bacteria, all samples were processed by the hospital microbiology laboratory using a standard blood culturing system (BacT/ALERT 3D system, BioMerieux, Marcy Etoile, France). The species of the pathogens and antibiotic susceptibility were determined using the MicroScan WalkAway system (Siemens, Sacramento, USA), based on the standard criteria of the Clinical and Laboratory Standards Institute M100-S18. The results were confirmed using the ID32 Strep biochemical identification kit (BioMerieux). An ophthalmologist was consulted, and the absence of endophthalmitis was confirmed. In addition, a cardiologist confirmed the absence of endocarditis based on a transesophageal cardiac ultrasound examination.
Although the blood cultures became negative on Day 8 following the administration of antibiotics, the patient's signs and symptoms did not improve. In order to assess the extent of the infection, magnetic resonance imaging (MRI) was performed on Day 9, which revealed a 2.0-cm×6.5-cm abscess in the iliopsoas muscle and osteomyelitis of the femoral head ( Figure B, C) . Because the patient had both an iliopsoas abscess and femoral osteomyelitis that were not controlled with antibiotics, the abscess was surgically drained on Day 11. The same pathogen, E. avium, was detected in the purulent drainage. Consequently, there was a slight improvement on MRI on Day 34 ( Figure D) ; the high-intensity signal in the iliopsoas muscle weakened, thus suggesting a reduction in inflammation. Because the patient's symptoms did not worsen, he was discharged on Day 46.
After discharge, treatment with intravenous vancomycin at a dose of 1.5 g after approximately every hemodialysis session was continued at the hemodialysis clinic, and the trough value was monitored in order to maintain a target trough value of 15-20 μg/mL before hemodialysis. Although the trough value of serum vancomycin remained well controlled, 24 days after discharge, the patient was rehospitalized because he again experienced severe hip pain, with worsened inflammation. Two sets of blood cultures were negative for E. avium or any other bacteria; however, antimicrobial therapy alone was considered insufficient to control the osteomyelitis and abscess. MRI and X-ray scans of the left hip revealed a femoral head collapse, suggesting that the abscess and femoral osteomyelitis were not well controlled and had damaged the bone. Therefore, a second surgical intervention (debridement and drainage for the abscess and osteomyelitis) was performed. It was confirmed that the left femoral head had disappeared due to the inflammation, and the pus culture taken during the surgery and follow-up blood cultures were both negative. This procedure resulted in successful control of the patient's signs and symptoms. No obvious exacerbation was subsequently observed on MRI or in the patient's symptoms. Antibiotics were administered in the same manner as before the readmission for almost six months in total in order to prevent disease progression and then ultimately discontinued, with no further relapse.
Discussion
Many cases of iliopsoas abscess formation in patients on maintenance hemodialysis have recently been reported (6) (7) (8) (9) (10) (11) (12) . Risk factors for iliopsoas abscess include diabetes mellitus, intravenous drug use, human immunodeficiency virus infection, ESKD and other immunosuppressive conditions (13) . In the Japanese population, the frequency of PKD as a primary cause of ESKD has been reported to be significantly higher among hemodialysis patients with psoas abscesses than in the general hemodialysis population (6) . Because the present patient was a 70-year-old Japanese man on hemodialysis for ESKD due to PKD, the risk of iliopsoas abscess was considered to be extremely high. The patient's immune system was already suppressed due to ESKD, PKD and corticosteroid therapy. In addition, regular needle punctures during hemodialysis may provide a means for bacteria to enter the bloodstream. However, some authors have reported that infections affecting arteriovenous fistulas cause bloodstream infections (14) , although the contrast-enhanced CT scans did not suggest a fistula infection in the present patient.
E. avium has been frequently isolated from chicken feces, explaining the choice of the name, and risk factors for E. avium infection include contact with animals, especially birds (15) . Nevertheless, the current patient did not have a history of eating raw chickens or contact with chickens or other domestic animals. E. avium is rarely reported as a pathogen, accounting for fewer than 5% of cases of enterococcal bacteremia. The biliary tract, followed by the abdomen, is the most commonly reported site of entry, while cases involving the skin and/or soft tissue, intravenous catheters and urinary tract have been reported. The site of entry in the present case did not appear to be the biliary tract or the intestines, as no elevation of transaminases or bilirubin, abdominal symptoms or relevant findings on contrast-enhanced CT were noted. However, since the patient had a cutaneous ulcer on the left lower leg, the suspected site of entry was the skin. Despite the rare occurrence of this infection, approximately 20% of detected strains are resistant to penicillin or ampicillin, while resistance to vancomycin has not been previously reported (16) . Empirically speaking, vancomycin is the antibiotic of choice for treating ampicillin-resistant E. avium. In the present case, ceftriaxone was used initially to cover both Grampositive and -negative organisms, although vancomycin and anti-pseudomonal antibiotics should have been selected instead.
Iliopsoas abscesses may be primary or secondary; the abscess is considered primary when it occurs as a result of hematogenous or lymphatic spread from a distant site, whereas secondary lesions develop as a result of the direct spread of infection to the iliopsoas muscle from adjacent structures (17) . In view of the possibility of a bacteremiaassociated iliopsoas muscle abscess, the etiology in the present patient was thought to be primary, as bacteremia resulting from the cutaneous ulcer on the patient's left lower leg was considered to be the cause of the infection. Primary iliopsoas abscesses are most frequently caused by infection by a single organism (18) . The most common bacteria are Staphylococcus aureus and Escherichia coli (13) . Enterococcus species are rarely detected (19) , and E. avium is a rare bacterial strain of the Enterococcus species. In one study, among 302 consecutive clinical isolates of enterococci collected from routine sample cultures, E. avium accounted for only 0.7% of strains (20) . In 2010, our hospital detected 365 strains of enterococci, of which 245 (67.1%) were E. faecalis, 71 (19.5%) were E. faecium and 21 (5.7%) were E. avium. Based on these data, E. avium was the third most common enterococcal strain at our hospital, which indicates a relatively high prevalence of the pathogen in our area. Infections due to E. avium in other sites have also been reported (15, 16, (21) (22) (23) (24) (25) ; however, there is only one previous case report of osteomyelitis, and that patient did not present with bacteremia (4). The present case is of interest because the patient presented with both bacteremia and an iliopsoas abscess with femoral head osteomyelitis caused by E. avium infection.
Treatment for iliopsoas abscesses often involves antibiotics combined with abscess drainage. Yacoub et al. suggested that psoas abscesses measuring <3 cm in maximum diameter may be managed successfully with antibiotics alone, whereas those >3 cm in size may require surgical intervention (open or CT-guided drainage) (26) . In the present case, antibiotic treatment alone was considered to be insufficient because the patient had an iliopsoas abscess with a maximum diameter of >3 cm complicated with osteomyelitis of the femoral head; therefore, surgical drainage was performed. The present patient required abscess drainage twice with six months of continuous antimicrobial therapy, as the abscess and osteomyelitis were refractory despite strict control of the trough value of vancomycin (15-20 μg/mL) before hemodialysis. The duration of antimicrobial therapy for iliopsoas abscesses is generally two weeks after the completion of abscess drainage (27) and at least six weeks after debridement for osteomyelitis (28) . The present patient required antibiotics for a much longer period because his pain and inflammation flared again despite the continuation of vancomycin for 10 weeks and because the radiographic find-ings were not obvious. This emphasizes that the duration of antimicrobial therapy should be individualized based on the patient's medical background and complications.
There are currently no specific guidelines for selecting antimicrobial agents to treat E. avium infection. However, treatment for enterococcal bacteremia generally involves monotherapy with ampicillin or anti-methicillin-resistant Staphylococcus aureus (MRSA) drugs, such as vancomycin, if the target strain of Enterococci is ampicillin-resistant. Clinical studies suggest that there may be no advantages for combination therapy over monotherapy in cases of enterococcal infection without endocarditis (29, 30) . In the present case, the ampicillin-resistant E. avium strain, which was detected on Days 1, 2 and 3, had a vancomycin minimal inhibitory concentration of ! 0.5 μg/mL, and the patient's clinical response suggested that the vancomycin was partly effective. Strategies for administering vancomycin in cases of ampicillin-resistant enterococcal infection have not been adequately discussed compared with that observed for MRSA infection. Vancomycin was administered in the current case according to a recommended strategy, such that the target trough value was maintained at 15-20 μg/mL before dialysis (31) . However, treatment with chemotherapy alone with vancomycin was unsuccessful, and a second surgical procedure was required. There is a possibility that a higher target trough value of serum vancomycin was necessary in this case, as the drug is reported to have limited penetration into bone and/or due to the presence of the concomitant abscess and osteomyelitis (32) . The treatment of bacteremia with an abscess involves source control of sites of infection, such as the use of drainage and antimicrobial therapy, and the present patient required two surgical procedures. Consequently, he recovered under both the long-term administration of vancomycin and source control. If treatment for ampicillin-resistant enterococcal infection is unsuccessful, the addition of an aminoglycoside or other type of anti-MRSA drug, such as linezolid or daptomycin, should be considered. Moreover, a long duration of therapy is expected, as linezolid is often difficult to administer due to concerns regarding bone marrow suppression and/or severe peripheral and optic neuropathy (33) . In the present case, daptomycin was not available at the time of treatment. However, it is currently a promising option if vancomycin is ineffective. Supporting this proposal is the fact that daptomycin is recommended in addition to vancomycin in cases of MRSA bacteremia according to the current guidelines proposed by the Infectious Diseases Society of America for the treatment of MRSA infection, despite the absence of absolute superiority of this drug over vancomycin in patients with bone and joint infections (34, 35) . Of note, the superiority of daptomycin over linezolid for treating vancomycinresistant enterococcal infections is not clear, although the need for long-term administration suggests that daptomycin is more desirable than linezolid (36) . However, daptomycin should be used appropriately, as a daptomycin-resistant enterococcal strain has previously been reported (37) .
In summary, we herein described a case of an iliopsoas abscess with osteomyelitis of the femoral head caused by E. avium infection in a patient on maintenance hemodialysis. Considering the high risk of bacteremia in patients on hemodialysis, performing blood culture sampling is especially important, even in cases involving non-specific symptoms.
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